Abstract. Angiogenesis plays a pivotal role in the progression and metastasis of hepatocellular carcinoma (HCC). However, the expression of a wide range of angiogenic factors remains obscure in HCC. The purpose of the present study was to determine the expression of various angiogenic factors related to hepatocarcinogenesis. We examined the expression of 19 angiogenic factors using antibody arrays in human tissues of various liver diseases, including HCC. We also studied the expression of 19 angiogenic factors in the human HCC cell lines PLC/PRF/5, Hep 3B, HuH7, HLE, HLF and Li-7 and the normal hepatocyte cell line ACBRI3716. In human tissues, although the expression of acidic fibroblast growth factor (aFGF) was found to increase from normal liver to chronic hepatitis, its expression remained unchanged in the transition from chronic hepatitis to HCC. Vascular endothelial growth factor (VEGF) was elevated in liver cirrhosis, but the amounts remained unchanged in the transition from liver cirrhosis to HCC. In contrast, either interleukin-8 (IL-8) or basic fibroblast growth factor (bFGF) was upregulated in HCC. In the HCC cell lines PLC/PRF/5, Hep 3B and HuH-7, the expression of IL-8 was elevated. Although IL-8 was not elevated, bFGF was upregulated in the other HCC cell lines HLE, HLF and Li-7. Thus, either IL-8 or bFGF was upregulated in HCC cell lines and in HCC tissue samples. These data suggest that the upregulation of either IL-8 or bFGF is closely related to the transition from liver cirrhosis into HCC. Therefore, the analysis of the expression of these cytokines using protein arrays may identify novel therapies for individual patients with HCC.
Introduction
Liver cancer is the third leading cause of cancer deaths worldwide and was responsible for 696,000 deaths in 2008 (1) . HCC, which is the main type of primary liver cancer, is more difficult to treat than many other cancers because HCC is generally induced as a consequence of underlying liver diseases, such as chronic hepatitis and liver cirrhosis. Surgical resection and percutaneous local ablation are curative treatments, but these applications are limited to HCC patients with well-preserved liver function; metastasis is quite common (2) . In addition, postoperative recurrence is a persisting issue (3) . Liver transplantation is another curative treatment of HCC with liver cirrhosis, but the lack of donor organs is the main restricting factor for liver transplantations and contributes to prolonged waiting time (4) . Systemic therapies have not been shown to be effective for advanced HCC. Thus, there is a strong demand for new curative approaches to HCC.
Angiogenesis plays an important role in the proliferation and metastasis of solid tumors (5) . HCC is a hypervascular tumor characterized by vigorous neovascularization. Neovascularization is pivotal in the growth and progression of HCC and increases during the early phase of HCC development (6) . Without neovascularization, tumors cannot become larger than a few cubic mm in size, and they remain in a state of tumor dormancy (7, 8) . Thus, antiangiogenic treatments for solid tumors have been explored as a new strategy to suppress tumor growth and progression.
Several studies have shown that the expression of many angiogenic factors is closely related to the growth and metastasis of HCC (9, 10) . However, the expression and interaction of a wide range of angiogenic factors remains obscure in HCC. In the present study, we examined the expression of various angiogenic factors related to hepatocarcinogenesis.
Materials and methods
Tissue samples. Human tissue samples of HCC, cholangiocellular carcinoma (CCC), colorectal cancer and esophageal cancer with the adjacent tissues were obtained during surgery or liver biopsy from 9 patients (7 males and 2 females; mean
Expression of angiogenic factors in hepatocarcinogenesis:
Identification by antibody arrays The homogenate was centrifuged at 13,000 x g for 5 min after incubation for 20-30 min on ice. Equivalent amounts of the supernatant from tissue samples were used for antibody arrays. Liver-infiltrating mononuclear cells (LMNCs) were separated by Ficoll-Hypaque density gradient centrifugation (Histopaque; Sigma-Aldrich Co., St. Louis, MO, USA). We harvested the cell pellet by centrifuging at 13,000 x g for 10-20 sec. The pellet was mixed well with PRO-PREP solution and incubated on ice for 10-20 min. The cell lysate was centrifuged at 13,000 x g for 5 min after incubation. Equivalent amounts of the supernatant from cell lines were used for antibody arrays.
Protein assay. The protein concentration was determined according to the Bradford dye-binding assay (11) .
Antibody array to screen angiogenic factors.
To detect angiogenic factors, we used the TranSignal™ Angiogenesis Antibody Array (Panomics Inc., Redwood, CA, USA), in which 19 different antibodies against angiogenic factors are immobilized at predetermined positions on the membrane (Table I ). The angiogenesis antibody array was based on the sandwich ELISA method for detecting protein (12) . The assay was performed following the manufacturer's protocol. The samples of tissue extracts and cell lysates were incubated with the array membranes at the same concentration of 4 mg/ml. Then, biotin-labeled detection antibodies were added to the array membranes. The antibody-protein complexes on the array membranes were visualized using streptavidin-HRP to determine which active angiogenic factors were present in the samples. Immunoreactive proteins were visualized with an enhanced chemiluminescence detection system (Amersham Japan Co., Tokyo, Japan) on a radiograph film. The array data were normalized using positive control signal. The average local background signal was subtracted from average signal intensity of duplicated spots of each antibody.
Results

Expression of angiogenic factors in normal liver and various liver diseases.
We used angiogenesis antibody arrays to investigate which angiogenic factors were expressed in normal human liver and various liver diseases. The expression of angiogenin was detected in normal liver (Fig. 1A) . The expression of aFGF was found to increase from normal liver to chronic hepatitis (Fig. 1B) . Furthermore, VEGF was upregulated from chronic hepatitis to liver cirrhosis (Fig. 1C) . Noteworthy, two different expression patterns of angiogenic factors were detected in HCC. An IL-8 overexpression with weak bFGF expression pattern, or a bFGF overexpression pattern was observed. Therefore, IL-8 or bFGF was involved in the development of HCC from liver cirrhosis (Fig. 1D) .
Expression of angiogenic factors in normal human hepatocyte and HCC cell lines.
We also used angiogenesis antibody arrays to examine which angiogenic factors were expressed in the normal human hepatocyte and various HCC cell lines. The expression of angiogenin was not detected from the normal hepatocyte cell line or from various HCC cell lines ( Fig. 2A) . The expression of IL-8 was elevated in the HCC cell lines PLC/PRF/5, Hep 3B and HuH-7. In contrast, although the expression of IL-8 was not detected, bFGF was strongly expressed in the other HCC cell lines HLE, HLF, and Li-7, compared to the normal hepatocyte cell line ( Figs. 2A  and B) . Thus, either IL-8 or bFGF was upregulated in HCC cell lines. 
Expression of angiogenic factors in HCC with and without liver-infiltrating mononuclear cells (LMNCs).
To evaluate the involvement of LMNCs in the expression of angiogenic factors in HCC tissues, we examined the samples of HCC tissues with or without LMNCs by angiogenesis antibody arrays. The increased expression of IL-8 can be observed in HCC samples with or without LMNCs (Fig. 3) . These results suggested that IL-8 was actively produced not only in LMNCs but also in HCC cells.
Expression of angiogenic factors in various malignant gastrointestinal tumors.
In order to determine angiogenic factors in other malignant tumors, IL-8 was examined in cholangiocellular carcinoma (CCC), colorectal cancer and esophageal cancer samples. Notably, IL-8 was strongly expressed in the cancerous tissues, but not in non-cancerous tissues from each organ (Fig. 4) . These results were similar to the data from the liver. Therefore, IL-8 is suggested to also play an important role in gastrointestinal cancers (Fig. 5) .
Discussion
Angiogenesis is a prime regulator of tumor growth, and anti-angiogenic factors are likely to become an important component of therapeutic strategies (13) . It has been suggested that angiogenesis is an early event in tumorigenesis (14) . HCC is a typical hypervascular tumor that is characterized by neovascularization. Many angiogenic factors have been studied in HCC, and several anti-angiogenic therapies have been tested in animals and patients (15, 16) . Of note, in our present study, the expression of either IL-8 or bFGF was enhanced in human HCC tissues and hepatocellular carcinoma cell lines (Figs. 1 and 2). IL-8, a member of the CXC chemokine family, is a potent angiogenic stimulator (17, 18) . IL-8 has recently been shown to contribute to human cancer progression through its potential functions as a mitogenic, angiogenic, and motogenic factor (19) . Angiogenesis and tumor growth are inhibited by the downregulation or neutralization of IL-8 in several tumor models (20, 21) . In addition, we demonstrated that IL-8 was produced from human HCC tissues without LMNCs (Fig. 3) . Moore et al have reported that some HCC cell lines secrete IL-8 (21) . In addition, the serum level of IL-8 increased prior to the development of HCCs and increased further after the tumors appeared (22) . Surprisingly, IL-8 was also enhanced in other cancer tissues, such as cholangiocarcinoma, colon cancer and esophageal cancer (Fig. 4) . These results suggest that IL-8 may be closely involved in carcinogenesis and the progression of various cancers, including HCC. bFGF is a potentially important angiogenic stimulator. The serum level of bFGF is correlated with tumor invasiveness and postoperative recurrence in HCC (23) . In the present study, our data also demonstrated that bFGF was upregulated in human HCC samples and some HCC cell lines (Figs. 1 and 2) . Yoshiji et al have reported that bFGF synergistically augments VEGF-mediated HCC development and angiogenesis, partly by the induction of VEGF through KDR/Flk-1 (24) . These studies strongly support our results that bFGF involvement in angiogenesis is important for HCC development.
However, there is little documentation of the relationship between IL-8 and bFGF to date. Our studies demonstrated two patterns for the expression of angiogenic factors in HCC cell lines and tissues: i) high IL-8 and low bFGF expression and ii) high bFGF and no IL-8 expression. Angiogenic growth factors, including VEGF, IL-8 and bFGF, are regulated in tumor cells by epidermal growth factor receptor (EGFR) signaling, which plays an important role in tumorigenesis (25, 26) . In the EGFR family, the overexpression of ErbB-2 also leads to the increased expression of angiogenic factors, whereas treatment with anti-EGFR or anti-ErbB-2 agents produces a significant reduction in the synthesis of these proteins by cancer cells (25) . In our previous study, ErbB-2 was found to be activated in HCC cell lines and tissues. We determined that the inhibition of ErbB-2 by an ErbB-2 targeting drug, trastuzumab, retarded the tumor development from HCC cells (27) . Therefore, these results suggest that the identification of IL-8 and bFGF may be valuable as downstream targets of EGFR for the treatment of individual patients with HCC.
In conclusion, our findings showed that the upregulation of either IL-8 or bFGF is closely related to HCC development from liver cirrhosis. The results may be helpful in studying whether IL-8 and bFGF could be promising targets for anti-angiogenic therapies. The feasibility of utilizing protein arrays in this study suggests that arrays can be a useful tool for detecting the expression of angiogenic factors contributing to hepatocarcinogenesis and thereby identifying novel therapies for HCC. The expression of angiogenic factors in the development of HCC from normal liver. aFGF was increased in the transition from normal liver to chronic hepatitis, and VEGF was upregulated in the transition from chronic hepatitis to liver cirrhosis. The increase of either IL-8 or bFGF occurs during the transition from liver cirrhosis into HCC. The suppression of IL-8 and bFGF may offer a novel strategy to overcome the development and progression of HCC.
